Abstract: To achieve the Kyoto Protocol target of carbon reduction in Japan, additional measures beyond individual building-scale are strongly required. Area-wide energy utilization is expected to play an important role, not only in improving energy efficiency, but also in enhancing utilization of renewable energy and unused thermal energy toward a low-carbon society. But so far there have been few initiatives that have been realized. One of the major hurdles is the lack of methods to convince stakeholders to collaborate towards implementation. This study focuses on non-energy benefits (NEBs), which are indirect benefits such as stimulating regional economies and environmental protection, as distinguished from the direct energy-benefit (EB) of utility costs reduction.
Introduction

Area-wide energy utilization of scale measures for carbon reduction
In the commercial and residential sectors, further reductions of carbon emissions are being sought toward the realization of a low-carbon society. To respond to this issue, area-wide carbon-emission reduction measures must be promoted for blocks of buildings, communities, districts and for cities, which go beyond individual buildings. The Kyoto Protocol Target Achievement Plan 1) in Japan begins with area-wide energy utilization as its first measure, in terms of further energy saving beyond individual buildings and for promoting a large increase in the utilization of neighboring unused energy sources and renewable energy sources.
Necessity of evaluating measures from a middle-to-long-term perspective, considering
local characteristics In 2008, the Mid-term Targets Examination-Committee of the Cabinet Secretariat's Council on the Global Warming Issue (hereafter, the "Mid-term Targets Committee") discussed measures for the nation to reduce carbon emissions over the middle term through marginal abatement cost (MAC). 2) The image is shown in Fig.1 . 
The number of options increases when measures are considered over a wider area and a longer term MAC is defined as the cost required per additional unit reduction of CO 2 (e.g., per ton CO 2 ) from the present conditions, under a given area (e.g worldwide, nationwide, district-wide, etc.). McKinsey & Company 3) and some other organizations have evaluated the MAC of a variety of carbon reduction measures and have published reports presenting MAC curves, which is a useful method to determine the selection of cost-effective measures. However, for discussions on area-wide energy utilization, the current evaluation method has some problems, as listed below; 1) Measures whose costs vary greatly due to distinct regional characteristics (such as differences in energy infrastructure and in access to locally generated, locally consumed energy) are too detailed to discuss on a nationwide scale. 2) Measures which require large initial investments, but which are effective for a long time (such as insulation of buildings and infrastructure development) are evaluated as comparatively expensive options if the payback time is set at a relatively short uniform period. 3) MAC has been defined as the net cost of measures, deducting direct energy benefits (EB) of energy-utilities cost reduction from the total costs. However, even if there are also diverse indirect benefits, such as stimulation of regional economies and environmental protection resulting from the measures, which some researches collectively refer to as "non-energy benefits" (NEBs) 4),5)
, they have not been considered in the MAC evaluation.
Research objectives
The objective of this research is to establish methods of accurately determining area-wide energy utilization in comparison with other carbon reduction measures, and methods of evaluating cost-benefit ratios (B/C) and MAC, focusing on non-energy benefits (NEBs) in order to encourage stakeholders to implement.
Methodology
Estimation of CO 2 reduction potential considering the regional characteristics
Specifying the particular region where the measures for a low-carbon society will be advanced clarifies the specific figures concerning any unused energy sources (incinerationplant waste heat, etc.) that can be accessed in the concerned district, such as solar heat collectors and photovoltaic power generation equipment in accordance with heat and electricity-demand density and patterns according to time band, and on-site cogeneration. Those figures are then used to calculate the CO 2 reduction potential of the concerned district. The initial and running costs of each measure are set referring to prior knowledge 2), 6) published by the Japanese government. The values for measures with different costs by region, by necessity, are set on a case-by-case basis. Subsidies and other grants are not included.
Setting the payback time considering the duration of the measure's effects
The MAC of each measure is calculated as the annual cost ([yen/year] / [t-CO 2 /year]) under the following procedure; considering the initial costs (including renewal costs) for implementing each carbon-emission reduction measure, the running costs, and the reduction in utilities expenses gained from energy conservation. The expressions of the procedure are as follows, and Fig.2 presents an image of the MAC structure.
The payback time should be set appropriately for each measure from the viewpoint of the middle-term and long-term improvement of social capital and with consideration for the technology use conditions. Referring to the option that the National Institute for Environmental Studies proposed to the Mid-term Targets Committee (a setting of 50-70% of the functional lifetime of each measure) 2) , McKinsey & Company report 3) , in this study the payback time is set at a number of years equivalent to 70% of the lifetime of each measure. Table 1 presents a summary of the classification of CO 2 reduction measures and their MAC. 
Fig. 2. Structure of marginal abatement cost (MAC) of a carbon reduction measure
Definition and Monetizing NEBs
As described above, there are various NEBs among the carbon reduction measures received by the stakeholders. In terms of the way of estimating monetary value, the classification and quantification of the NEBs are proposed. Five major categories are defined (a -e), and they are additionally classified into fourteen categories. Table 2 shows the details. 
Case study
A case study of implementation on a specific district was conducted using the evaluation policy presented above. Fig.3 presents an outline of the case-study-subject district. The district (hereafter, "District A") is an existing mixed-use urban area centered around a large train station and offices, stores, housing, hotels, universities and other facilities, and an incineration plant located nearby. The case study assumes the following infrastructure arrangement of the District A energy system, as district-scale measures, together with other carbon reduction measures at the individual building level, considering the presence of the incineration plant, which is an unused energy source nearby, as well as area-wide energy utilization that is already being implemented in part of the District.
Overview of the case-study district
1) Area-wide utilization of unused high-temperature energy sources (incineration plant heat) 2) Development of area cogeneration as a foundation of an area-wide energy system, together with area-wide development within the district 3) Formation of a smart energy network for the effective use of heat and electricity in response to demand fluctuations, with linkage to the existing district heating and cooling infrastructure . The total CO 2 reduction potential of all the assumed carbon reduction measures is approximately 160,000 t-CO 2 /year.
District A Overview
District with a high concentration of large-capacity, primarily commercial buildings Fig.4 presents the cost-benefit ratio (B/C) trial calculation results for District A, considering NEBs. The total cost when all the measures are implemented is about 4.8 billion yen/y, the EB is approximately 3.7 billion yen/y, and the total monetized NEB is about 4.3 billion yen/y. The B/C is just 0.77 when only the EB is included, but rises to 1.7 when the NEBs are also considered. Fig.5, Fig.6 and Fig.7 present the results of estimated MAC curves. Fig.5 shows the MAC calculated with uniform payback time of 3 years, or of about 10 years. Fig.6 shows the results calculated by use of payback time set at 70% of the functional lifetime of the measures. Fig.7 is the result by considering the NEBs allocated to MAC of each measure in addition to Fig. 6 .
Results -Cost-benefit ratio (B/C) considering NEBs
Results -Marginal abatement cost curve considering NEBs
As shown by the cross-hatched sections of each figure, in District A, arranging communitywide energy utilization by making use of the regional characteristics (including the effective use of incineration plant waste heat and the existing district heating and cooling network) has a high economic priority. Comparison between Fig 5 and Fig6 , it is clearly shown how setting the payback time appropriately for each measure greatly decreases the average cost of the measures ( 25,117 -> 6,739yen/t-CO 2 ).
Fig.4. Total cost-benefit ratio (B/C)
Fig.6 District A's marginal abatement cost curve (payback time set at 70% of the measure lifetime)
In addition, by reflecting the NEB to Fig.6 , as Fig.7 shows, the MAC becomes negative for most measures (i.e., the benefits exceed the expenses over the payback time), and the average measure cost is estimated at around ( +6,739 -> -20,006 yen/t-CO 2 ). 
Conclusion
To promote area-wide energy management, this study proposes the approach of using a marginal abatement cost (MAC) from a middle-term and long-term perspective and conducting cost-benefit ratio (B/C) calculations considering the non-energy benefits (NEBs) generated from various carbon reduction measures. The findings are as below:
1) It was clarified that the CO 2 reduction potential of area-wide energy utilization and the utilization of unused energy sources are much competitive measures in the marginal abatement cost curve for a specific district. This was verified through a case study on utilization of incineration-plant waste heat. 2) It is proposed that evaluation of the MAC for each measure should should be used to set the payback time appropriately from the viewpoint of the middle-term and long-term improvement of social capital, with consideration for the conditions under which the technology is used. 70% of the functional lifetime of the measures is proposed as the payback time. Through a case study, it was clarified that this improves the MAC assessment for measures with high initial investments, such as improving building insulation and area-wide utilization. 3) This study presents an approach to monetizing the non-energy benefits (NEBs) that result from area-wide energy utilization, which can explain a higher B/C. This study also proposes an approach to revising MAC through allocation of the NEBs to each measure, and demonstrates through a case study how this results in the assessment of more of the measures within the subject areas as economically promising.
